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(57) Abstract 

The object of the invention is an additive for paper making by means of which the dusting tendency of paper can be reduced. The 
agent is based on starch, the molecular size of which has been reduced, and which has been cationized to a charge of less than 1 .5 rnEkv/g 
with a quaternary nitrogen compound. The agent is added to the fiber pulp for paper making prior to web formation. 
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Additive for paper making 



The present invention concerns an additive for paper making, which is added to the 
fiber pulp prior to the web formation step in a paper making process. By means of 
the additive it is possible to impart to the paper La. a reduced tendency for dusting. 
In addition, the additive has been shown to facilitate water removal in the web 
formation stage, to improve filler retention and affect advantageously the removal of 
harmful substances, which have accumulated in the water circulation system of the 
paper machine. The additive also increases the strength of the finished paper, both 
dry strength and wet strength. By using the additive for paper making according to 
the invention improvements have been seen also in the printability of the paper, La. 
as regards its applicability for ink-jet printing. 

A problem that is encountered in finished paper is its high tendency for dust forma- 
tion, the reason for which are fiber particles and filler particles released from the 
paper surface. The dust gives rise to problems already at the drying stage in paper 
making, but above all in the machines and equipments handling paper, such as in 
printing equipment. The printing methods as such are developed which means high 
machine speeds and long printing series. High speeds aggrevate dust formation, and 
long printing series reduce standing times, during which it would be possible to 
carry out a cleaning of the equipments. 

In order to solve the dusting problem it is known to use methods, which as a rule 
are based on chemical compounds to be added to the fiber pulp, prior to the paper 
web formation. The use of mineral and micro waxes, of sizing agents, such as AKD 
and ASA dispersions, of wet strength resins and of pulp sizing starch is known. 
Irrespective of these known measures, paper dusting is still a significant problem. 

Now it has surprisingly been discovered that La. the dusting of paper can be 
reduced significantiy by means of the additive according to the invention to be 
added to the fiber pulp prior to web formation. 
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The additive is based on starch, which has been modified to be applicable in the 
invention by reducing its molecular size and reacted with an appropriate nitrogen 
compound in order to provide a suitable cationic charge level to the starch. 

The reduction of the molecular size has been carried out advantageously by oxidi- 
zing, such as by peroxide oxidation. -The reduction of the molecular size is appro- 
priately carried out so that the viscosity of a 5% starch suspension at 60 °C is in the 
range 10 - 400 mPas (Brookfield), preferably 100 - 400 mPas, and especially 
advantageously in the range 100 - 200 mPas. This is achieved for example using a 
hydrogen peroxide dose of approximately 0.02 - 0.3% from the starch dry matter in 
slightly alkaline reaction conditions. The desired degree of degradation is also bound 
to the desired cationic charge of the end product, since an increase in the cationic 
charge decreases the viscosity of the end product. There is also interdependence 
between the molecular size and the cationic charge which affects the behaviour of 
the starch in the paper machine. 

Starch which has been processed to have the desired viscosity level is thereafter 
processed with a quaternary nitrogen compound according to the invention so that 
its cationic charge level will be in the range < 15, preferably in the range 0.36 - 
1.46, especially advantageously in the range 0.72 - 1.10 mEkv/g, whereby the 
nitrogen contents when using the quaternary cationizing chemical, will be in the 
range 0.5 - 2.5, correspondigly 1.0-1.5%. The product is advantageously prepared 
using solution cationization, in which the starch is fed into the cationization process 
in granular form, the process conditions are chosen so that the starch dissolves 
completely during the process. Essential process quantities in this respect are the 
concentration of the starch to be cationized, suitable alkalinity and increased tempe- 
rature. The alkali dose (NaOH) is suitably in the range of approximately 1.5-3% of 
the starch dry matter, and the temperature suitably in the range of approximately 60 
- 80 °C. The dry matter content of the reaction mixture should advantageously be 
over 50%, which gives La. a good yield for the end product. A suitable quaternary 
cationizing chemical is 2,3-epoxypropyltrimethylammonium chloride, which should 
be used in an amount of approximately 10 - 40% of the amount of starch- 
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The operability of the invention is illustrated with the following examples, in which 
La. paper properties, which have an effect on the dusting of the paper in different 
paper handling conditions, have been monitored. Measuring the dusting tendency 
from a paper is as such problematic without a prolonged run of the paper in an 
application process, such as a printing operation. It is, however, generally known 
that the tendency for dust formation correlates to strength parameters which can be 
measured from the paper, such as Dennison, IGT and Scott Bond. 



Example 1 

In this example the test was carried out under full-scale practical printing conditions 
using a paper fabricated on newspaper machine. On the newspaper machine which 
had a capacity of 700 tons/24 hours a paper was made from a pulp of pressure 
groundwood and thermomechanical pulp. Before web formation, a starch based 
chemical according to the invention was mixed to the pulp in the pulp mixer on the 
suction side of the pump in a dosis of 1.5 - 2.5 kg/ton. Paper made in this way was 
then printed in a printing house, whereby it could be established that the time 
between cleaning of the printing rollers increased from 80000 copies to 350000 
copies. The used additive had been manufactured so that to starch which had been 
oxidatively degraded to a usable viscosity level (100 - 200 mPas, 5%, 60 °C, 
Brookfield), had been cationized with 2,3-epoxypropyltrimethylammomum chloride 
using this canonizing chemical in an amount of 25% of the starch dry matter. The 
nitrogen content of the starch was 1.5% (charge 1.07 mEkv/g), From the paper also 
the Scott Bond value which indicates the interlaminar strength (bonding strength) 
was measured as one characteristic. These values have been given as a function of 
the additive dose in the appended figure 1. When comparing to dust measurements 
carried out it could be established that the Scott Bond value of the paper clearly 
correlated to the dusting and printability properties. 
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Example 2 

A test series was carried out on a newspaper machine having a capacity of appr, 
800 tons/24 hours. The composition of the pulp used for the paper was 50/50 
TMP/DIP (thermomechanical/deinked). The test run lasted for 24 hours, during 
which time the change in strength values was monitored for different amounts of 
additives. The used additive had been manufactured so that the starch which had 
been oxidatively degraded to a viscosity level of approximately 200 mPas (5%, 
60 D C, Brookfield) was cationized with2 f 3-epoxypropyltrimethylammonium chloride 
using this cationizing chemical in an amount of 15% of the amount of starch. The 
nitrogen content of the starch was 1.0% (charge 0.72 mEicv/g). 



The results are given in the following table I. 



Additive 
dose, kg/t 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 



0 
0 
1 

1.4 

1.8 

1.4 

3 

3 

3 

3 

3 

3 

3 

3 

3.5 
4 
0 
0 



Scott Bond 
J/m 2 

198.6 

190.6 

195.4 

205.9 

194.0 

297.6 

238.3 

304.3 

299.9 

213.5 

227.4 

225.6 

207.6 

241.1 

280.1 

260.6 

246.9 

212.8 



Dennison 



7.0 

7.0 

8.0 

7.0 

9.0 

90 

9.5 

10.0 

9.5 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

8.0 

8.0 



IGT 
m/s 

1.36 

1.30 

1.77 

1.95 

1.33 

1.26 

1.53 

1.56 

1.57 

1.22 

1.50 

1.59 

1.60 

1.49 

1.57 

1.36 

1.26 

1.18 



Burst 
kPanrVg 

1.38 

1.45 

1.47 

1.42 

1.51 

1.44 

1.47 

1.41 

1.52 

1.50 

1.48 

1.48 

1.56 

1.52 

1.49 

1.53 

1.42 

1.41 



From the results it can be seen that it is possible to affect the strength properties 
which hi turn affect the dusting properties of the paper by means of the product 
according to the invention. 



WO 00/03090 PCT/F199/00601 



5 



Example 3 



A test ran lasting for 2 weeks was carried out on a newspaper machine which had 
a capacity of 400 tons/24 hours. For the paper raw material, peroxide bleached 
pressure groundwood was used. To the pulp conventional pulp starch was added in 
an amount of 10 - 13 kg/ton for the whole test run. The test run included a period 
of 12 days (test days 3 - 14), during which time an additive according to the 
invention was added to the pulp prior to web formation in an amount of 2.5 kg/ton 
in addition to the conventional pulp starch, the additive having been in a manner 
similar to the additive of example 1. From the paper, printing series of each 4000 
sheets from a paper sample taken each day was run in a test printer, from which 
printing series the dust amount was measured. The test results have been presented 
as a bar diagram in the appended figure 2. The results show a clear decrease in the 
amount of dust irrespective of the fact that a conventional internal size was present 
in the paper manufacture, which for its part should participate in reducing dusting. 



Example 4 

A test run was carried out on a newspaper machine by running newsprint (30-40 
g/m 2 ) the fiber base of which was pressure groundwood, thermomechanical pulp, 
chemical pulp and deinked pulp. The machine was operated at an acid pH-range. A 
bentonite/PAM microparticle retention system was used as the retention system. An 
additive according to the example 1 was fed 1.0 k/t to the mixing container on the 
suction side of the pump. 

The behaviour of the finished paper was monitored on-line with a dust measuring 
device (MB Linting Dusting Tester). The results are given in the appended figure 3. 
It could be seen that the dusting had decreased 50-60% (test points 7-12) as compa- 
red to a corresponding paper without the additive according to the invention (test 
points 1-6). 
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Differences could be seen also in the operation of the paper machine as compared to 
manufacturing a corresponding paper without the additive according to the inventi- 
on. La. water drainage improved, which manifested itself as a reduction in the 
steam requirement in the drying section. Also an advantageous affect as regards 
5 retention could be seen which resulted in a decrease of approximately 50% in the 
retention aid (PAM, polyacrylmide),- 
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Claims 

1. Additive for paper making to be added to the fiber pulp prior to web formation, 
which additive has been made from starch which to its molecular weight has been 
thinned to a viscosity level of 10 - 500, preferably 100 - 200 mPas (5%, 60 °C, 
Brookfield), and cationized using a quaternary nitrogen compound, characterized in 
that the cationization is carried out to a charge level of less than 1.5 mEkv/g. 

2. The additive according to claim 1, characterized in that the cationization has 
been carried out to a charge level of 036 - 1.46 mEkv/g. 

3. The additive according to claim 1, characterized in that in that the cationization 
has been carried out to a charge level of 0.72 - L10 mEkv/g (1-1.54% N). 

4. The additive according to any one of the preceding claims 1-3, characterized in 
that the cationization has been carried out as a solution cationization so that the dry 
matter content of the reaction mixture is over 50%. 

5. The additive according to any one of the preceding claims 1-4, characterized in 
that the toinning of the starch has been carried out by oxidation, preferably by 
peroxide oxidation. 

6. Method for decreasing the dusting of paper by adding to the fiber pulp fed to 
web formation a compound which reduces the dusting tendency of the paper, 
characterized in that as the compound reducing the dusting tendency, an additive 
according to any one of the preceding claims 1-5 is added to the fiber pulp in an 
amount of 1.0 -3.0 kg/t. 



WO 00/03090 



PCT/FI99/00601 

1/2 





7 13 26 3 



7 12 15 18 24 27 8 10 



time/day 



Fig. 2 



WO 00/03090 



PCT/FI99/00601 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No, 

PCT/FI 99/00601 



A, CLASSIFICATION OF SUBJECT MATTER 



IPC6: D21H 17/29, D21H 21/14 _ . 

According to International Patent Classification {iPC) or to both nattonai classification and IPC 



B\ FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: D21H 



Documentation searched other than minimum documentation to the extent thai such documents are included in the fields searched 

SE>DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE REL EVANT 



Category* 


Crtation of document, with indication, where appropriple, of the relevant passages 


Relevant to claim No. 


X 


WO 9746591 Al {GEORGE WESTON FOODS LIMITED) , 

11 December 1997 (11.12.97), the claims and page 4, 
lines 17-18 


1-6 


A 


EP 0257338 A2 (NATIONAL STARCH AND CHEMICAL 
CORPORATION), 2 March 1988 (02.03.88) 


1-6 


A 


W0 9310305 Al (RAISION TEHTAAT OY AB), 27 May 
1993 (27.05.93) 


1-6 



~| Further documents are listed in the continuation of Box 
* Special categories of died documents; 

*A" document defining the genera! state of the art which is not considered 

to be of particular relevance 
"E" crlier document but published on or after the international filing date 

* L" document which may throw doubts on priority c)airn(s) or which is 
cited to establish the publication date of another citation or other 
speda* reason (as specified) 

"O* document referring to an oral disclosure* use, exhibition or other 
means 

F P* document published prior to the international (uw& date but later than 
the priority dale claimed 

Date of the actual completion of the international search 



10 November 1999 

Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, 8-102 42 STOCKHOLM 
Facsimile No, + 46 8 666 02 R 6 
Form PCT/ISA/210 {second sheet) {July 1992) 



C \)A See patent family annex. 



later document published after the international filing dale or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

*X* document of particular relevance: the claimed invention cannot be 
considered novci or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents* such combination 
bcjn& obstous to a person skilled in the art 
document member of the same patent family 

Date of mailing of the international search report 



2 2 -11- 1999 

Authorized officer 



Solveig Gustavsson/Eo 

Telephone No, + 46 8 782 25 00 



INTERNATIONAL SEARCH REPORT 

Informasion on patent family members 



Z8/09/99 



International application No. 

PCT/FI 99/00601 



Patent document 
cilcd in search report 


Publication 
date 


Patent family 
mcmbcr(s) 


Publication 


WO 9746591 Al 


11/12/97 


AJI 

AU 


d/Doyy/ ft 


05/01/98 




AU 


P0017196 D 


00/00/00 


EP 0257338 A2 


02/03/88 


SE 


0257338 T3 


15/08/92 




AT 


78493 T 






CA 


1284639 A 


04/06/91 






DE 


3780532 A 


27/08/92 






FX 


94765 B,C 


14/07/95 






FI 


873391 A 


14/02/88 






US 


4876336 A 


24/10/89 






JP 


1891916 C 


07/12/94 






JP 


4032081 B 


28/05/92 






JP 


63048301 A 


01/03/88 






US 


4964953 A 


23/10/90 



WO 9310305 Al 27/05/93 



Form PCT/ISA/210 (patent family annex) (July 1992) 



AT 


157132 T 


15/09/97 


DE 


626022 T 


11/09/97 


DE 


69221735 D,T 


26/03/98 


DK 


626022 T 


23/03/98 


EP 


0626022 A,B 


30/11/94 


SE 


0626022 T3 




ES 


2106200 T 


01/11/97 


FI 


91428 B,C 
915310 A 


15/03/94 


FI 


12/05/93 


US 


5578169 A 


26/11/96 



